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Figure 1. Light incident onto a metal NP
creates charge density oscillations on the
surface.
In VLP and Liposomes, there are two kind of lipids (PS and GM1) that 
are playing important role in infectivity. Phosphatidylserine(PS) has been 
shown to facilitate apoptotic mimicry and enhance glycoprotein-
independent uptake of Vaccinia, Ebola, HIV, and Dengue viruses. 
Monosialotetrahexosylganglioside (GM1) enable the glycoprotein-
independent binding of HIV-1 particles to mature dendriticcells(mDCs)
Figure 2. Principle of plasmon coupling microscopy:  close contacts 
between nanoparticles are indicated by a spectral red-shift
Gold nanoparticles are prepared by adding single stranded DNA 
oligonucleotides HS-AAA AAAAAAACTCACGCTAC-GACTGAC 
ACC and HS-AAAAAAAAAAGACCTACTAAGACTACTACAC 
AACCAGAGA-Biotin in a 4:1 ratio to 40 nm GNP. After sitting 30 min 
to allow DNA stick to the GNP, these particles are centrifuged for three 
times. 
Figure 4. Schematic 
representing the structure 
of particles when 
Liposomes of VLP mix 
with conjugate biotin-DNA 
on 40 nm GNPs
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Based on the UV-Vis spectra, GM1 binding of GNPs show a higher 
affinity than PS binding. Using this assay, we get up to 3 nm red-shift in 
case of 20%PS and up to 6 nm for 10%GM1 liposomes. The Reinhard lab 
plans to continue to research this and applying it on virus-like particles 
with unknown lipid compositions.
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1. Plasmonic nanopartilcle
2. Virus Like Particle (VLP) and Liposomes
Applying light to plasmonic nanoparticle, it generates electromagnetic 
field. Therefore, it causes the electrons are moving back and forth. Those 
oscillation electrons (plasmons) give strong scattering cross section in 
resonance wavelength. In a situation where two plasmons are nearby, they 
can interact with one another. It is shown on spectrum as a red-shift, as 
seen in figure 2.
Figure 3. (a) VLP resemble viruses, but are non-
infectious because they do not contain any viral 
genetic material. (b) A liposome is an 
artificially-prepared spherical vesicle composed 
of a lamellar phase lipid bilayer.
2. 40 nm Gold Nanoparticle
1. Liposomes-PS and Liposomes-GM1
PS in the liposome membrane are functionalized with biotinylated
Annexin V (Anx). On the other hand, liposome membrane with GM1 
lipid are functionalized with cholera toxin subunit B (CTB). Then, 
neutravidin is added to the solution. After neutravidin binds to the PS or  
GM1, the solutions are purified though dialysis for 48 hours.   
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Figure 6. Calibration of the 
optical assay by liposomes for 
measuring GM1 concentration 
in virus-like particle. 
Phosphatidylserine (PS) and monosialotetrahexosylganglioside (GM1) are 
examples of two host-derived lipids in the membrane of enveloped virus 
particles that are known to contribute to virus attachment, uptake, and 
ultimately dissemination. We learn the binding infinity of PS and GM1 
lipid by using gold nanoparticle (GNP) since it is stable and conductive.  
Besides, changing concentration of lipid on the virus can control how the 
virus infective.  The performed studies can use identify unknown 
concentration of lipid. 
Figure 5. UV-Vis spectra of different concentrations of (a) Liposomes-
20% PS and (b) liposomes-10%GM1 mixed with 40 nm GNPs at varying 
liposome:GNP ratios. These results of 3 runs of the experiment to 
indicated on which concentration of Liposomes-PS and GM1 give 
highest red shift. The dependence of plasmonic red-shift on the ratio of 
GNP : Liposome in specific binding of GNPs to (c) 20% PS and (d) 
10%GM1 lipid.
Figure 8. (a)  Negative Control of  liposomes shows individual GNPs 
(b)  Liposomes-20%PS shows small GNPs agglomeration but they are 
mostly individual. (c) Liposomes-10%GM1 shows bigger GNPs 
agglomeration then Liposomes-20%PS. 
3. Scanning Electron  Microscopy
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Figure 7. Inductively-Coupled Plasma-Mass Spectrometry of 5 nm 
GNP specific binding to liposomes of different compositions as 
verification of observed differences in optical measurements.
